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Abstract
Perinatal arterial ischaemic strokes are a major
cause of morbidity in the neonatal period and leads to
significant neurological morbidity. It is however under
recognized as an entity and usually missed till the baby is
3-4 months of age when they first present with hemiplegia.
Perinatal arterial ischaemic strokes are not reported
from our country and this may be due to the fact that
neurodiagnostic modalities were not available until the last
few years. Even now this is not available in the smaller
cities of our country.  In this review we will discuss the
common issues related to etiology and pathogenesis in
perinatal arterial ischaemic stroke. The management and
the prognosis are also reviewed especially discussing the
factors that affect the long term prognosis  
Introduction
Cerebral palsy is a major cause of morbidity in our
country. Although birth asphyxia plays a major role in its
etiology, there are a small percentage of children that have
sustained a perinatal ischaemic stroke. A country like ours
where there is a dearth of medical facilities and imaging is
not available in all centers it is important to recognize this
as a possibility in term neonates, so that a more holistic
approach is made in the management of these children.
Perinatal arterial ischaemic stroke is under recognized and
missed because the neonates may be completely
asymptomatic at that time.1 This holds true in our part of
the world also where children present after 3 -4 months of
age to the paediatrician with a history of weakness on one
side. This is commonly related to either a vaccination or an
injection given in the limb.  Neuroimaging done at that
time reveals an old ischaemic lesion which indicates a
perinatal ischaemic infarct. Knowledge of the preexisting
perinatal ischaemic stroke is therefore important for
medico legal purposes also.
Cerebrovascular disorders are among the top 10
causes of mortality in children with the rates highest in
first year of life.1 Stroke is estimated to affect 1 in 4000
neonates based on CT scan findings2 and is 17 times more
common in the perinatal population as compared to rest of
the paediatric population.3
Perinatal arterial ischaemic stroke (PAS), is
defined as  "Cerebrovascular event occurring between 28
weeks of gestation  and 28 days of post natal age with
radiological or pathological evidence of focal arterial
infarction of the brain".1 It represents a specific entity in
the spectrum of cerebrovascular events. It excludes
generalized cerebral ischaemic events like watershed
infarctions and border zone infarctions.1,4,5 Earlier the
diagnosis of stroke was based on autopsy findings, but
more recently this has been replaced by imaging. In a
recent population-based study with relatively frequent
neuroimaging, unilateral PAS was recognized in the
neonatal period in 1 in 2300 term infants.6 Previous
studies reporting the incidence of perinatal stroke has
estimated it to be 24.7-35/100,000 live births or
approximately 1/3000-1/4000 live births.2,7,8 The
Canadian Childhood Stroke registry, a population-based
study, that recorded all cases of neonatal and childhood
stroke in Canada between 1992 and 1996, reported the
figures of ischaemic arterial stroke to be about 93/100,000
live births. A quarter of these cases fell in the neonatal age
group.9 .The National Hospital Discharge Survey (NHDS)
from 1980 through 1998 estimated the rate of neonatal
stroke (<30 days of age) to be about 26.4/100,000 live
births 1
Pathophysiology
Arterial ischemic stroke (AIS) commonly relates to
a focal ischaemic lesion in the distribution of a major
cerebral artery.  
Neonates have been recognized as a specific
population at high risk for stroke and PAS has been found
to affect mostly term neonates with MCA (Middle cerebral
artery) being most commonly involved.2,4,7,10,11 Miller et
al reported MCA to be involved in 83%of cases and in
66% of these the left MCA was affected.7
The lesions are thought to occur either in the
intracranial vessels, extra cranial vessels, the heart or the
placenta. The thrombus originating in the placenta then
undergoes a left to right shunt via the patent foramen ovale
and lodges in the cerebral circulation. These are quite
distinct from the changes seen in HIE(Hypoxic ischemic
encephalopathy) which causes a water shed infarction, are
more bilateral and reflect a systemic hypotensive event
with poor cerebral perfusion.5
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Rarely the infarcts may be multifocal reflecting
embolic origin or sub cortical indicating small vessel
involvement.
With the conventional CT, MRI and now with MR
DWI images, it is possible to time these events quite
accurately. In a recent large study of neonates with
encephalopathy a proportion of whom had focal
infarctions, all but one had the onset within a few days of
life suggesting the onset to be very recent.12 However
there are other studies which would also point towards the
onset occurring much earlier in the perinatal life.13
Etiology
Regarding the mechanism of neonatal stroke,
several potential genetic and environmental factors have
been implicated but unequivocal evidence about a definite
mechanism is still lacking and an obvious precipitating
factor has not been identified in as many as 25-47% of
cases.9 This is because most of the information received
are from case reports and large population based studies
have not been conducted. Also in a large number of series,
border zone infarcts have been included and these are now
categorized as a separate entity. The risk factors for PAS
can be divided into three categories; antenatal, peri-natal
and neonatal.
Antenatal
Pregnancy related events have not been reported  in
all studies of  PAS, but where they are implicated the
incidence from  antenatal complications account from0-
64%.14-17
Antenatal risk factors such as pre-eclampsia,
IUGR(Intrauterine growth retardation), maternal diabetes,
maternal pro-thrombotic disorders, maternal infection,
antenatal trauma and maternal drug abuse have all been
implicated in studies of neonatal stroke.14-17
Two case-control studies looking specifically at the
association of maternal factors with PAS deserve mention
at this point. The study by Estan and Hope (1997) included
12 cases and 24 controls and assessed a total of 16
antenatal and perinatal risk factors of PAS. Compared to
controls the cases were more likely to have lower 1 minute
APGAR scores and require assisted ventilation than the
controls; however there was no difference in the 5 minute
APGAR scores. No significant difference was found
between cases and controls with respect to maternal age,
pregnancy related complications, CTG(Continuous
Tomogram) abnormalities, mode of delivery and umbilical
cord acidosis.2 The data reported by Lee et al. based on 40
cases of PAS and 120 controls describes primiparity (73%
vs. 44%), abnormal CTG findings (46% vs. 14%),
chorioamnionitis (27% vs. 11%) oligohydramnios (14%
vs. 3%) to be significantly higher in cases as compared to
controls. After multivariate analysis, history of infertility
(OR 7.5), pre-eclampsia (OR 5.3), and chorioamnionitis
(OR 3.4) were found to be independently associated with
PAS and the number of risk factors present had a direct
relationship with the risk of PAS.18
Normal pregnancy is a pro-inflammatory and pro-
coagulant state which translates into a greater risk of
stroke in   the pregnant state as compared to the non-
pregnant state.  Unfortunately factors that decrease the risk
of haemorrhage after delivery increases the risk of stroke
both in the mother and the baby. Pregnancy is a time  of
relative hyper coagulability  during which protein S and
APC(activated protein C) ratios are decreased and Protein
C, Thrombin  generation and fibrinogen levels are
increased.19 The fVL (factor 5 Leiden) mutation has also
been associated with pregnancy related thrombosis and
pregnancy disorders  i.e. pre-eclampsia, abruptio placenta,
IUGR prematurity ,neonatal stroke and foetal death .It is
also well documented that acquired antiphospholipid
antibody in the mother increases the risk of foetal loss.20
On the foetal side, the foetus has a high haematocrit
and high viscosity of blood, placenta has areas of low flow
velocity favouring thrombotic tendency.  The placenta has
its own haemostatic mechanisms and is probably an
important area of pathology in PAS.4 Other factors that
may contribute to this are, damage to neonatal vessels
during birth, dehydration, hypotension, infection and
intravascular catheters. Prothrombotic  disorders which
include Factor V Leiden and prothrombin mutation,
protein S,C and antithrombin 111 deficiency  are factors
which are responsible in more than half of the children
with stroke.[9] These are now being increasingly
recognized as causative factors for neonatal strokes also. 
Perinatal factors
Factors contributing to the stroke in the perinatal
period include assisted delivery, caesarean section, birth
asphyxia and intra-partum trauma.5 The Canadian stroke
registry, one of the largest studies on PAS, reported
complicated birth/asphyxia to be present in about 18% of
patients.9,10 other studies have also found emergency
caesarean section, vacuum extraction, prolonged rupture
of membranes, prolonged stage II of labour and cord
abnormalities to be potential risk factors for PAS.15,18
contrary to these findings, the national hospital discharge
survey (NHDS 1980-1998) recorded perinatal asphyxia in
<5% of neonatal stroke.5 This factor has been questioned
in recent studies and while there is good evidence of an
association of asphyxia with border zone cerebral
ischaemia, evidence to support a strong association with
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focal infarction is lacking.5
Neonatal factors
Infections, dehydration and infection during the
perinatal period are also a risk factor for stroke in the
neonate.
Cardiac disorders: Although cardiac disorders
are a known risk factor for childhood ischaemic stroke, it
is less commonly implicated in the etiology of perinatal
stroke. Cardiac defects  contribute to the pathology by
allowing venous clots to by pass the pulmonary filter.4,21
Neonatal pulmonary hypertension  and extracorporeal
membrane oxygenation(ECMO)have also been stated as a
risk factor in some cases of PAS.8,22
Catheterization: With the advent of intensive care
management and the use of indwelling catheters, the
obvious risk of thrombosis and subsequently of perinatal
arterial strokes have increased.23
Polycythemia: Polycythemias have been
postulated to be an underlying mechanism in the
development of PAS. This is presumably related to arterial
red cell sludging in the cerebral circulation.24 However,
the case control study by Estan and Hope 1997,2 did  not
show any difference in the haematocrit values of cases and
controls.
Thrombophilia: Among all the risk factors of
PAS, maternal and neonatal pro-thrombotic disorders are
the ones that have been most extensively studied. This
stems from the obvious deduction that pro-thrombotic
disorders may play a role in cerebral thromboembolic
phenomena. These disorders have been reported in 11%-
64% of cases of PAS in different studies.9,10,17,25,26
Although maternal and neonatal thrombophilias can be
logically implicated as a causative factor, unequivocal
evidence about their causative role is yet to be defined.
Much research has been focused on the study of genetic
coagulation disorders in PAS but there is also evidence
that additional environmental factors are present in up to
54% of cases 25 and occurrence of PAS in more than one
singleton child in a sib-ship is a rare event. Screening of
neonates for these thrombotic disorders will identify the
cause but does not play a role in future management. The
exceptions are the homozygous conditions of protein C, S
and Antithrombin deficiency. 
Clinical manifestations
Clinical signs and symptoms of cerebral injury are
not as well defined in neonates as in older children and
adults. The symptoms, if any, are usually subtle, present
late and vary across individuals.2,4,10,16,27 Adding to it is
the fact that a certain proportion may not manifest clinical
symptoms at all times.4,5 In view of these findings, it is not
surprising that although these events mostly happen within
72 hours of birth, an estimated one-third cases of neonatal
stroke are diagnosed retrospectively around the age of 4-5
months when they start voluntary motor activities.4,17
Neonates with underlying cerebral ischaemia,
rarely present with focal signs but may present with
seizures, apneic spells, lethargy, poor feeding, birth
asphyxia or hypotonia during the first 24-72 hours of
life.2,4,10,16,27 Seizures have been reported as the most
common presentation of neonatal stroke.2 The Canadian
Stroke Registry, has also reported similar findings;
seizures in 85% of cases and hemiparesis in only 7%
cases.9 Looking at this from a different perspective, only
12-14% of patients with seizures in the neonatal period
were found to have an underlying stroke.2,14 Generalized
hypotonia and lethargy has been found to be the most
frequent findings on neurological examination.5 There is a
differential susceptibility to ischaemic insult across
different areas in the neonatal brain with the deep gray
nuclei and peri-rolandic cortex being the most likely to be
affected.[28] Seizures and motor abnormalities may be
better understood when viewed from this perspective.
Neonates  with PAS and  seizures may appear
clinically well between episodes or may depict other signs
of encephalopathy.4 Different areas of the brain have
variable vulnerability to insults at different maturational
stages.29 This temporal variation in susceptibility to injury
may translate into protean clinical signs and presentations
reported in the literature.
Diagnostic modalities
Figure 1. MRI   of a neonate 3 days old .Coronal image showing a large ischemic area in the
distribution of the right middle cerebral artery consistent with Perinatal arterial ischemic stroke 
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The lack of well defined clinical signs leaves
diagnostic Neuroimaging as the only reliable choice for
identification of PAS.4,5 Diagnostic imaging procedures
for cerebral pathology in the neonates include magnetic
resonance imaging (MRI), computerized tomography (CT)
and cranial ultrasonography (USS). 
USS is the most widely used form of screening
modality in the newborn but the yield of USS in detection
of PAS is not encouraging.4,5 USS failed to identify 75%
of neonates in whom the pathology was diagnosed on CT
scan.2 Although CT scan has better sensitivity than cranial
USS; it may not identify abnormalities in the early phase
of an acute ischaemic event leaving MRI as the preferred
modality for the diagnosis of PAS as it would be able to
identify the focal area of ischaemia which would be
diagnostic (Figure 1). Currently, diffusion weighted MRI
(DW MRI) is regarded the most sensitive technique for
early detection of acute infarction due to its ability to
identify cytotoxic cerebral oedema which is the earliest
abnormality seen in case of an infarction.30,31
Electroencephalography (EEG) is a frequently used
diagnostic modality in paediatric neurological problems
which may have a potential role in PAS. Periodic
Lateralized Epileptiform Discharges (PLED) may be
associated with a localized cerebral lesion such as stroke
and have been implicated as pointers towards PAS before
diagnostic imaging is done.32
Management
There are no randomized trials that address the
acute management of neonatal stroke or its primary or
secondary prevention. The American College of Chest
Physicians recommend the use of heparin or low
molecular weight heparin for the cardio embolic strokes.
However it is not recommended for the non-cardio
embolic strokes.33 This may be because of the fact that a
large number are identified quite late after the event has
occurred .Some authors suggest the use of thrombo-
prophylaxis in the mother as a primary prevention of PAS
.This is debatable till further studies elucidate the
mechanisms better. 
Prognosis and outcome 
Neuroimaging and EEG findings have been used in
the prediction of long term neurological outcome.1
Mercuri et al found an association of development of
hemiplegia with the extent of lesion on MRI. Lesions
involving, internal capsule were associated with
development of hemiplegia later on while involvement  of
other regions were less reliable.34 Trauner et al have found
that children with early unilateral damage exhibit prosodic
deficits and the side of the lesion is related to the affective
comprehension35 but the association between occipital
lesions and visual field defects or between parietal lobe
involvement and fixation shift abnormalities does not
appear to be consistent.1
Mercuri et al. also reported the potential predictive
value of EEG for long term outcome. They reported that
changes in background activity suggesting generalized
brain involvement may predict the development of
hemiparesis whereas seizure activity alone was associated
with a better outcome.34
PAS is significant with respect to long term
outcomes. Hemiplegic cerebral palsy is the most common
outcome and occurs in 37% of children whose strokes
were diagnosed in the neonatal period and in 82% of
children whose stroke was diagnosed retrospectively.36 In
addition, seizure disorders, delayed language
development, cognitive impairment and behavioural
disorders can occur.4,36 57% of children with neonatal
stroke develop some neurological morbidity.10 Estan and
Hope found a low rate of occurrence of complications (no
motor, cognitive or seizure disorder in 11/12 cases) during
follow-up for a median of 33 months.2 Other studies have
reported at least one neurological complication in 37-94%
of patients.10,36 this apparent discordance could be due to
the fact that a majority of these cases are not diagnosed in
the neonatal period and complications have been found to
be higher in retrospectively diagnosed cases.17,36
Differences in duration of follow-up, outcomes measured
and population studied have also been proposed to
contribute to this disparity among different reports.10
Fortunately, PAS carries a low mortality and rate of
recurrence. Mortality after neonatal stroke is estimated to
be less than 10% in the Canadian pediatric stroke study.10
Risk of recurrence is also reported to be 3-5%.10
More than 95% of neonates with stroke survive into
the adulthood. This may lead to considerable effects on the
patient, family and the society as a whole. There is a
pressing need for standardization of diagnostic criteria,
biochemical measurements as well as establishment of
causative mechanisms and temporal relations between
insult and symptoms to not only identify the pathology at
an early stage but also to mark a window period for
potential intervention and prevention.1,5 This calls for a
better liaison across different disciplines involved in the
care of the neonate and mother. 
Conclusion
Perinatal arterial strokes are uncommon and under
recognized. The use of diagnostic modalities may lead to
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early detection and treatment. Prognosis for complete
neurological recovery is poor.
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